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ABSTRACT 


The aim of this research was to investigate the correlation between chromium (VI) 
concentrationin the breathing zone of workers and total chromiumin urine specimens 
as a biomarker of exposure in chromium electroplating workers. In chromium 
plating, different airborne concentrations of chromium (VI) can be released into the 
breathing zone of workers. For measurement of chromium (VI) concentration 69 air 
samples were collected by filtration technique and collected samples were analyzed 
using NIOSH method 7600. Air sampling from breathing zones was conducted by 
personal sampling method and further personal exposures to chromium VI was 
calculated as Time-Weighted Average (TWA) values. For biological monitoring 
total chromium in urine was measured using WHO method, also this method has 
been recommended by ATSDR. For this purpose 92 urine samples were collected 
and analyzed by atomic absorption method equipped with graphite furnace. Data 
analysis was performed using SPSS version 18 software. The average of chromium 
VI in worker’s breathing zones was obtained (16.90 + 23.11 ug/m?). The average 
of increasing chromium concentration in end of workweek urine samples (8.67 + 
3.97 ug/L) was significantly higher than the average of end of shift samples (4.11 + 
2.57 ug/L). After regression analysis statistically significant correlation was obtained 
between airborne chromium VI in worker’s breathing zones and chromium in urine 
samples (e.g. R2=0.83, end of shift samples). The obtained results indicated that 
the determination of urine chromium content can be considered as an appropriate 
biomarker for biological monitoring of workers particularly for recent chromium 
exposure assessment. 
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Introduction 


Chromium (Cr) is a heavy metal usually found at the 
workplace environment and industrial wastewater of 
metal processing sites, plating industries, painting in- 
dustries, textile, leather tanneries, and many more [1]. 
Chromium is widely used in metal plating or electroplat- 
ing to create a metal surface that is hard and beautiful 
and prevent corrosion [2]. Occupational exposures to 
soluble hexavalent chromium (Cr°*) has been known to 
cause ulceration and perforation of the nasal septum, 
bronchitis, asthma, liver and kidney damage and der- 
matitis in exposed workers[3]. The International Agen- 
cy for Research on Cancer (IARC) has classified chromi- 
um (VI) compounds as carcinogen to human. Chromium 
(Cr) on the metal plating has the potency to contaminate 
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the working environment and endanger the health of 
workers due to exposure to Cr (VI), which is primarily 
through of inhalation can cause effect such as impair- 
ment of respiratory, liver, kidney, and cancer. Inhaled 
chromium will go into the lungs and the bloodstream or 
absorbed through the blood, transported to the kidneys, 
and eventually excreted through the urine [4]. 


Concerning the irritant effects and the potential carcino- 
genicity of chromium (VI), the American Conference of 
Governmental Industrial Hygienists (ACGIH) has sug- 
gested a (TLV-TWA) of 0.2 ug/m? for inhalation exposure 
to soluble Cr®* compounds. The 8-h exposure limit to Cr 
(VI) according to OSHA and NIOSH are 5 and 0.2 pg/m*%, 
respectively. Biomarkers indicate the presence of chem- 
ical elements affecting the biological mechanisms of 
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living systems. Biomarkers are the observable indicators 
in a chain of events caused by exposure to environmental 
factors [5,6]. They can also be used to evaluate the inten- 
sity and duration of exposure, the effectiveness of control 
measures and the symptoms at early stage of diseases. 


Chromium in blood and urine has been used as a biomark- 
er of environmental exposure. Exposure to chromium can 
increase chromium concentration in the blood (whole 
blood, serum, and erythrocytes), urine, hair, and nails. 
Increased chromium in blood and urine is considered an 
indicator of the most reliable exposure. Results concluded 
from many researches show that exposures to chromium 
increase its concentration in blood, urine, plasma, hair 
and nails [7,8]. The ACGIH has also suggested two other 
Biological Exposure Indices (BEIs) for worker’s urinary 
chromium concentration measured at the end of the shift 
on the last day of the work week and the increase in the 
urinary chromium concentration during one day shift. In 
this research, the American Conference of Governmental 
Industrial Hygienists (ACGIH), Biological Exposure Indi- 
ces (BEIs) have been taken into account, which are (10 
ug/g Creatinine) for urinary chromium concentration 
during a single work shift and (25 ug/g Creatinine) at the 
end of the last day of a work week [9]. 


The purpose of the present research is to study the cor- 
relation between the concentration of hexavalent chro- 
mium in the breathing zone of workers in the chromium 
plating industry and its biomarker in their urine samples. 
In this research two types of chromium plating have been 
studied including decorative chromium plating (also 
known as nickel-chromium plating) and industrial chro- 
mium plating (hard chromium). In chromium plating, the 
desired thickness of chromium on objects varies depend- 
ing on the type of plating; therefore different airborne 
concentrations of chromium are released into the breath- 
ing zone of workers [10]. 


Materials and Methods 


Sample selection 


The present research is a cross-sectional study and has 
been conducted in decorative and hard chromium plat- 
ing industries. In this study, in order to analyze the cor- 
relation between workers’ breathing zone concentration 
of hexavalent chromium and its biomarker in urine, 23 
workers were chosen from two nickel-chromium plating 
industries as well as one hard chromium plating indus- 
try. All workers except those suffering from renal diseases 
were examined. None of participants in this research were 
using any respiratory protective equipment during plat- 
ing. Participants were included: nickel-chromium plating 
workers (n=6), hard chromium plating workers (n=4), 
polishers (n=5) and template molding workers (n=8). 


Chromium monitoring In the breathing zone 


In this study, in order to measure airborne chromium 
(VI) in the breathing zone, 69 air samples were collected 
through personal sampling and samples were analyzed 
using NIOSH 7600 method. To measure occupational ex- 
posure to chromium (VI), three samples were collected 
from the breathing zone of each worker in different hours 
of a single working day including morning, noon and af- 
ternoon [11]. After analyzing the samples, the results 
were calculated as the Time Weighted Average (TWA) for 
each worker. To collect breathing zone samples in accor- 
dance with NIOSH 7600, a 5 um pore size PVC sampling 
filter was used as the collecting medium. Collected sam- 
ples were analyzed using a visible spectrophotometer at 
a wavelength of 540 nm following the formation of chro- 
mium (VI) - diphenylcarbazide complex and results were 
calculated as chromium concentration in terms of pg/m? 
of the air. 


Biological monitoring of chromium in urine 


Chromium level in urine is a measure of exposure to total 
chromium as Cr (VJ), reduced to Cr (III) in the body. Hence 
they measured the level of urinary chromium in plating 
workers and concluded that there was a significant in- 
crease in the level of this element in urine [12]. For bio- 
logical monitoring, the total concentration of chromium 
in urine was determined as the selected biomarker. Mea- 
suring the total urinary chromium was done as suggested 
by WHO and 92 urine samples were collected and ana- 
lyzed by Atomic Absorption Spectroscopy equipped with 
a Graphite Furnace (AAS-GF) [13]. Biological samples 
were collected in different times and 4 samples were tak- 
en from each worker according to a specific schedule. The 
first sample was taken in the morning of the first day of 
work week prior to start the work, the second at the first 
day of work after 4 hours of exposure, the third sample 
at the end of the first day of work and the fourth sample 
at the end of shift in the last day of the workweek. Urine 
samples were collected in 50 ml polypropylene containers 
and were stored at the temperature of -18°C before being 
analyzed. The collected biological samples were analyzed 
as suggested by WHO and using the AAS-GF method. 


During the analysis, urine samples were diluted by Ni- 
tric acid 2% (HNO,) and Triton x-100 (0/001%) and the 
absorption level was measured. The detection limit was 
equal to 0.5 pg/L. In order to determine the urinary chro- 
mium concentration, a mixture of the sample and modifier 
were injected directly into the graphite tube and atomiza- 
tion was performed through electrical heating at multiple 
stages. In this method, interference by biological matrix 
was eliminated to a large extent by using background 
correction (Zeeman Effect or Quartz halogen lamp). Pro- 
grams, specifications and conditions of atomic absorption 
spectrometer for analyzing samples are shown in Table 
1. In order to adjust the urine excretion fluctuations, 
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urinary creatinine concentration was determined using 
JAFFE method. The Jaffe reaction is a colorimetric method 
used in clinical chemistry to determine creatinine levels 
in blood and urine and obtained chromium concentra- 
tion was calibrated according to urinary creatinine. This 
adjustment was due to differences in liquid consumption 
by each individual and consequently different volumes of 
urine and sample concentration [14-17]. 


Model statistical analysis 


Statistical analysis of obtained results was performed us- 
ing SPSS version 18. Data correlation was studied through 
regression analysis and Pearson correlation. 


Results 


In this study, results from monitoring of the average chro- 
mium concentration in the breathing zone and concen- 
tration levels of urinary chromium biomarker were taken 
and the correlation between chromium (VI) concentra- 
tions in the breathing zone and its urinary biomarker lev- 
els was analyzed. 


Breathing zone Chromium VI concentrations 


The average and standard deviation of chromium (VI) 
concentration in nickel-chromium and hard chromium 
industries separately and chromium industry in general 
are shown in Table 2. As shown in Table 2, the average 
chromium (VI) concentration in the breathing zone is 
11.23 + 9.16 ug/m? which is 7.25 + 3.80 and 17.43 + 11.67 
for nickel-chromium and hard chromium industries re- 
spectively. Results showed that there is a statistically sig- 


nificant difference in occupational exposure to chromium 
(VI) between nickel-chromium and hard-chromium plat- 
ing workers (p<0.001). 


Urinary chromium concentrations 


The average and standard deviation of total urinary 
chromium concentrations of workers in nickel-chromi- 
um and hard chromium industries are shown in Table 
3. Comparing results by the process type, shows that 
there is a significant difference between urinary chro- 
mium concentrations of workers from nickel-chromium 
and hard chromium industries (p<0.001). Time-depen- 
dent increase rate of urinary chromium concentration in 
chromium plating workers is shown in Table 4. Figure 1 
shows the correlation between airborne chromium (VI) 
concentration and the total urinary chromium concen- 
tration after 4 hours of exposure. In this study, regression 
analysis showed that there is a significant correlation be- 
tween airborne chromium (VI) in the breathing zone and 
the 4 hours urinary chromium concentration (R2=0.760; 
p<0.001). Figure 2, regression analysis showed that there 
is a significant correlation between airborne chromium 
(VI) in the breathing zone and the urinary chromium at 
the end of work shift (R2=0.832; p<0.001). Figure 3, re- 
gression analysis showed that there is a significant cor- 
relation between airborne chromium (VI) in the breath- 
ing zone and the urinary chromium concentration at the 
end of the work-week (R2=0.807; p<0.001). 


Discussion 


Table 1. Temperature-time program of atomic absorption spectroscopy with a graphite furnace. 


Analytical step Step duration Ramp time (s) Hold time (s) Temperature’C 
Drying 10 25 110 

Charring | 20 20 1200 

Charring II 1t 2 1200 Gaps stop 
Atomization 0 4 2300 Gaps stop 
Heating 1 7 2650 

Cooling 1 9 20 


Table 2. Occupational exposure in chromium industries separated by the process type. 


Variant name | Chromium industry | Hard chromium industry | Nickel-chromium industry | p-value 
Chromium A SD A SD A SD P<0.001 
(VI) concen- 

ihatandil 11.23 9.16 17.43 11.67 7.25 3.8 

breathing 

zone pg /m? 
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Table 3. Urinary chromium concentrations of workers in chromium industries divided by process type. 


Variant name Chromium industry | Hard chromium Nickel-chromium p-value 
industry industry 

Mug/g |SD Mug/g_ | SD Mug/g |SD 

Creati- Creati- Creati- 

nine nine nine 
Pre-shift urinary chro- 2.976 1.658 4.13 1.718 2.234 1.149 p<0.001 
mium concentration 
4 hour urinary chromi- | 5.391 3.582 7.784 4.037 3.853 2.273 p<0.001 
um concentration 
Post-shift urinary chro- | 6.905 3.931 9.593 4.418 5.176 2.433 p<0.001 
mium concentration 
urinary chromium con- | 11.641 5.468 15.371 6.344 9.243 3.163 p<0.001 
centration at the end of 
the week 


Table 4. Time-dependent increase rate of urinary chromium concentrations.t 


urinary chromium 


Variant name Chromium Hard chro- Nick- p-value 
industry mium el-chrome 
industry 
M ng/g SD |Mug/g SD M ng/g SD 
Creatinine Creatinine Creatinine 
Increase rate of urinary chromium | 2.415 2.09 | 3.654 2.476 | 1.618 1.368 | P=0.02 
concentration in 4 hours 
Increase rate of urinary chromi-_ | 4.109 2.57 | 5.832 3.019 | 3.002 1.482 | p<0.001 
um concentration in one work 
shift 
Increase rate of urinary chromium | 8.665 3.972 | 11.241 4.692 | 7.009 2.366 | p<0.001 
concentration in one work week 
| [y= 0.194x - 0.087 » 
: ° . 
° * 
7 e * 


ug/e creat 


n an Ta’ Ta 


concentration after 4 hours 


chromium (VI) concentration mg/m3 


Figure 1. Correlation between airborne chromium (VI) in the breathing zone (before noon) and 4 hour urinary chromium 


concentration. 
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Figure 2. Correlation between airborne chromium (VI) in the breathing zone, urinary chromium concentration at the end 


of the work shift. 
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Figure 3. Correlation between airborne chromium (VI) in the breathing zone, urinary chromium concentration at the end 


of the work-week. 


After studying the correlation between hexavalent chro- 
mium concentration in the breathing zone of workers 
in chromium industries and consequently the urinary 
chromium concentration of these workers after the work 
shift, a positive and significant correlation between these 
two factors was seen to exist (R2=0.832; p<0.001). These 
results show that chromium concentration in the breath- 
ing zone is directly linked to post-shift urinary chromium 
concentration and an increase in the breathing zone chro- 
mium concentration brings about an increase in the uri- 
nary chromium concentration. Hence, the results of the 
present research confirm that the urinary chromium con- 
centration can be used as a valuable biomarker to evalu- 
ate the occupational exposure to chromium (VI). 


In the present research, no significant correlation was 
seen between work experience and post-shift urinary 
chromium concentration. Results show that stopping 
exposure to chromium (VI) brings about a reduction of 
urinary chromium concentration due to the daily urine 
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excretion. Therefore, post-shift urinary chromium con- 
centration could be considered as an indicator for short 
term or recent exposures to chromium (VI). Although 
post-shift sampling usually shows recent exposures to 
chromium, previous exposures may affect it to some ex- 
tent. Comparing results obtained from chromium con- 
centration increase after different periods of time is a 
confirmation to this fact and shows an increasing process 
during the workweek. On the other hand, Table 3 shows 
that at the first working shift and after avoiding exposure 
due to the weekend, urinary chromium concentration 
drops to the minimum level but is still above zero. 


After studying the correlation between chromium (VI) 
concentration in plating workers’ breathing zone and the 
total urinary chromium concentration at the end of the 
workweek, a positive and significant correlation R2=0. 
807; Y=0.389X+4.289 between these two factors was ob- 
tained (p<0.001). This result shows that chromium con- 
centration in the breathing zone and urinary chromium 
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concentration at the end of the work-week are directly 
linked to each other and an increase in the breathing zone 
chromium (VI) concentration leads to an increase in post- 
shift urinary chromium concentration of the end of the 
work-week. These results show that urinary chromium 
concentration could be an appropriate indicator for mon- 
itoring occupational exposures to chromium (VI). 


As shown in Table 2, the average chromium (VI) concen- 
tration in the breathing zone is 11.23 + 9.16 ug/m*%, 7.25 
+ 3.80 in nickel-chromium, and 17.43 + 11.67 in hard 
chromium industries. Comparing results regarding pro- 
cess types, showed that there is a significant difference 
between nickel-chromium and hard chromium industries 
concerning workers’ exposure (P<0.001). Therefore, it 
can be concluded that exposure rate in hard chromium 
industries is much higher than that in nickel-chromium 
industries. One main reason might be the different time 
periods required for plating each piece in these processes. 
In nickel-chromium industries, each piece takes about 15 
to 20 seconds in the plating vat and a thin layer of chromi- 
um is formed on its surface and then is removed from the 
vat and another piece is placed into it. Between remov- 
ing pieces from the vat and placing new ones, the vat is 
inactivated and therefore no chromic acid mist would be 
formed. But in hard chromium plating industries, because 
athicker chromium layer is needed on each piece the plat- 
ing time increases significantly which varies between sev- 
eral hours up to several days. 


Conclusion 


Comparison between the average chromium (VI) concen- 
tration 11.23 + 9.16 ug/m? in workers’ breathing zone 
and the ACGIH threshold limit value of dissolved hexava- 
lent chromium (TLVTWA=0.0002 mg/m?) clearly shows 
that the exposure level of plating workers in this study is 
higher than the recommended threshold limit value. 


Comparing the increase rate of post-shift (4.109 + 2.57 
ug/g creatinine) and end of the work-week (8.665 + 3.97 
ug/g creatinine) urinary concentrations of chromium VI 
with the recommended biological exposure indices (10 
ug/g creatinine & 25 pg/g creatinine) have revealed sim- 
ilar results. 


Although the concentrations of chromium in breathing 
air are way higher than the TLVTWA, the urinary chro- 
mium levels are still in BEI range. Results obtained from 
this study shows that regarding the reduction of Chromi- 
um TLVTWA over the past years, a review and revision of 
Chromium BE] is highly recommended. 
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